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(57) ABSTRACT

A thermostatically controlled containment cell for a sample,
suitable notably for a measuring device such as a nuclear
magnetic resonance (NMR) spectrometer, NMR type mea-
suring device including the cell, and method for implemen-
tation 1s disclosed. Cell (8) comprises a body of a tubular
sleeve (9) made of a material so selected as not to interfere
with NMR measurements, (for example a non-magnetic and
non e¢lectrically conducting material) ending at 1ts opposite
ends with terminal parts (14, 16), contaiming a sample (S),
and means (19-22) for circulating within tubular sleeve (9)
a controlled-temperature heat carrier for maintaining the
sample at a substantially constant temperature during mea-
surements which liquid 1s selected to not disturb the NMR
measurements. The cell contaiming the sample 1s first heated
by circulation of the heat carrier. An overpressure suilicient
to prevent boiling 1s established 1n the cell. The cell can then
be introduced into or removed from the NMR measuring
device without stopping the circulation of the heating fluid.
Applications notably are calibration of logging measure-
ments on geologic samples or others.

12 Claims, 2 Drawing Sheets
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THERMOSTAT-CONTROLLED
CONTAINMENT CELL FOR SAMPLES
INTENDED FOR NMR MEASUREMENTS
AND METHOD FOR IMPLEMENTING IT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thermostat-controlled
containment cell for a sample, suitable notably for a mea-
suring device such as a nuclear magnetic resonance (NMR)
spectrometer, to a NMR type measuring device including the
cell and to a method of implementation.

2. Description of the Prior Art

Nuclear magnetic resonance (NMR) measuring devices
conventionally comprise magnets and coils placed 1n the air
gap of the magnets. An oscillating electric field (generally 1n
the radio frequency range) 1s applied to the sample subjected
to the magnetic field by connecting the coil to a vanable-
frequency signal generator, and the response of the sample
to the excitation signals 1s recorded. In order to stabilize the
magnetic field created by the magnets, their temperature 1s
stabilized by establishing a forced air circulation and by
interposing between the magnets and the excitation coil a
cooling circuit 1n which a fluid circulates.

Within the scope of measuring operations, it 1s useful first
to bring the sample to a predetermined temperature. This 1s
for example the case for laboratory calibration of measure-
ments performed by means of NMR logging sondes at
various depths of underground zone exploration wells. It 1s
therefore possible to place the sample for example 1n a
thermoregulated vessel prior to transierring 1t in the air gap
when measurements are to be performed. However, 1t 1s then
dificult to maintain the sample at a really constant tempera-
ture. The solution of exposing the sample 1n the air gap, to
a controlled-temperature gas stream 1s generally not satis-
factory.

SUMMARY OF THE INVENTION

The containment cell according to the invention affords
the advantage of maintaiming the sample to be measured at
controlled temperature without any temperature regulation
break between a preliminary warming up stage (outside the
measuring device) and the setting and measuring stage.

The cell comprises a body of a tubular sleeve made of a
material so selected as not to interfere with NMR measure-
ments (made of a non-magnetic and non electrically con-
ducting material for example) and ending at opposite ends
thereol with terminal parts, containing a sample, and means
for circulating 1n the tubular sleeve a controlled-temperature
heat carrier liquid for maintaining the sample at a substan-
tially constant temperature during measurement, the liquid
being so selected as not to disturb the NMR measurements.

It also preferably comprises means for establishing an
overpressure 1n the cell at a suflicient temperature to prevent
boiling.

The implementation method allows conditioning at a
substantially constant temperature a sample intended for
tests 1n a nuclear magnetic resonance (NMR) device. It
COmMprises:

first heating the sample to the required temperature 1 a
thermostat-controlled containment cell comprising a body of
a tubular sleeve made of a matenal so selected as not to
interfere with NMR measurements (made of a non-magnetic
and non electrically conducting material for example), end-
ing at opposite ends thereol with terminal parts, containing
the sample, and means for circulating 1n the tubular sleeve
a controlled-temperature heat carrier liquid for maintaining
the sample at a substantially constant temperature through-
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2

out the measurements, the liquid being so selected as not to
disturb the NMR measurements, and
transierring the cell ito the device without interrupting
the circulation of the heat carrier liquid 1n the tubular sleeve.
The device for carrying out NMR type measurements on
samples comprises a nuclear magnetic resonance apparatus
including magnets, coils placed in the air gap of the magnets,
a device 1n the form of an electronic box for generating the
excitation signals creating an oscillating electric field (1n the
radio frequency range for example) and for acquiring the
response ol the sample to the excitation signals, a first
tubular sleeve arranged outside the coils and connected to a
circuit 1n which a controlled-temperature cooling fluid cir-
culates. The device also comprises a containment cell suited
to be placed in the coils, comprising a body of a second
tubular sleeve made of a maternial so selected as not to
interfere with the NMR measurements (made of a non-
magnetic and non electrically conducting material for
example), ending at opposite ends thereof with terminal
parts between which a sample 1s arranged, and means for
circulating in the tubular sleeve a controlled-temperature
heat carrier liquid for maintaining the sample at a substan-
tially constant temperature during measurement, the liquid
being so selected as not to disturb the NMR measurements.
The device preferably comprises means for establishing
an overpressure 1n the cell, suflicient to prevent boiling.
According to an implementation mode, the device also
comprises means for establishing a fluid circulation through
the sample 1n the cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the cell and of the device
including the cell will be clear from reading the description
hereafter of a non limitative example, with reference to the
accompanying drawings wherein:

FIG. 1 diagrammatically shows the cell in the air gap of
a NMR measuring device;

FIG. 2 diagrammatically shows the NMR measuring
device with the operating equipments;

FIG. 3 diagrammatically shows the containment cell with
its permanent circulating-tluid heating circuit;

FIG. 4 diagrammatically shows a detail of the fluid supply
circuit; and

FIG. 5 shows the relation between temperature BT of the
heating fluid circulating around the cell and temperature CT
inside the cell.

DETAILED DESCRIPTION OF TH.
INVENITON

(Ll

The NMR measuring device conventionally comprises
(FIGS. 1, 2) magnets 1 with an air gap 2 1n which coils 3
containing sample S are arranged. The coils are connected to
an electronic signal source 4 for generating the excitation
signals (signals in the radio frequency range for example)
creating an oscillating electric field and for acquiring the
response ol sample S to the excitation signals. A magnetic
tubular sleeve 5 connected to a circuit 6 (FIG. 2) 1n which
circulates a first controlled-temperature cooling fluid (water
for example) supplied by a thermoregulated fluid source 7 1s
arranged 1n air gap 2 outside coils 3. Electronic signal source
4 1s controlled by a computer C. The device can also
conventionally comprise an air circulation cooling source 30
for establishing an air circulation cooling intended to cool
the magnets.

Containment cell 8 1s suited to be 1nserted within coils 3.
It comprises (FIG. 3) a hollow tubular sleeve 9 of two nested
tubes 10, 11 of different diameters, ending at a first end with
a stop 12 and at the opposite end with an annular shoulder
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13. A first terminal part 14 which 1s crossed by lines 15 and
resting against end stop 12, 1s arranged 1n tubular sleeve 9.
Sample S 1s arranged 1n tubular sleeve 9 between first
terminal part 14 and a second terminal part 16 also crossed
right through by lines 17. Second terminal part 16 1s pressed
against sample S by a tubular crossbar 18 fastened to the
annular shoulder 13 of cell 8. Lines 15, 17 allow to establish
in the cell, 11 necessary, a static pressure suflicient to prevent
boiling of the fluids saturating sample S.

Lines 15, 17 can also be possibly connected to a pumping
assembly (not shown) allowing to displace fluids within
porous samples, as described for example 1n patent EP-974,
839 filed by the applicant.

A channel 19 (FIG. 4) 1s provided between the two tubes
10, 11 all along sleeve 9, and it opens onto a first end thereof.
Supply lines 20, 21 coming from a thermostat-controlled
hydraulic system 22 are connected to channel 19 and to the
opposite end of sleeve 9 respectively. They supply lines 20,
21 allow circulation 1n the sleeve of a heat carrier fluid so
selected as not to disturb the NMR measurements, such as
a fluorinated fluid.

Sample S can first be homogeneously brought to the
suitable temperature for measurement 1n the NMR measur-
ing device. It 1s therefore placed 1n containment cell 8 and
a circulation of the heat carrier fluid 1s established until the
desired temperature 1s reached. It 1s also possible to bring 1t
to the desired temperature by placing cell 8 in a thermostat-
controlled oven (for example prior to connection to hydrau-
lic system 22) providing temperature maintenance during
measurement. At the appropriate time, the cell 1s directly
introduced into the coils of air gap 2 without requiring
interruption of the heating fluid circulation.

The invention claimed 1s:

1. A removable thermostatically controlled containment
cell configured for preconditioning at a predetermined tem-
perature a sample prior to measurements 1n a nuclear mag-
netic resonance spectrometer comprising:

magnets;

coils placed 1n an air gap of the magnets allowing gen-
eration of a modulated magnetic field;

a tubular sleeve made of a material which does not
interfere with nuclear magnetic resonance measure-
ments, ending at opposite ends thereof with terminal
parts between which a sample 1s arranged; and

means for circulating 1n the tubular sleeve a controlled
temperature heat carrier fluid 1 order to bring the
sample to a predetermined temperature, substantially
constant during measurement; and wherein

the heat carrier fluid does not disturb the nuclear magnetic
resonance measurements and the sleeve 1s introducible
inside the coils without stopping a circulation of the
heat carrier tfluid.

2. A cell as claimed 1n claim 1, comprising means for
establishing in the containment cell an overpressure sutli-
cient to prevent a fluid saturated sample from boiling.

3. A cell as claimed 1 claim 1, wherein the body of the
containment cell 1s made of a non-magnetic and non elec-
trically conducting matenal.

4. A cell as claimed 1n claim 2, wherein the body of the
containment cell 1s made of a non-magnetic and non elec-
trically conducting matenal.

5. A method for conditioming at a substantially constant
temperature a sample to be tested 1n a nuclear magnetic

resonance device, comprising;:
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first heating the sample to a required temperature 1n a
thermostatically controlled containment cell compris-
ing a body of a tubular sleeve made of a material which
does not interfere with nuclear magnetic resonance
measurements, ending at opposite ends thereol with
terminal parts, containing the sample, and means for
circulating 1n the tubular sleeve a controlled tempera-
ture heat carrier fluid for bringing or maintaining the
sample at a predetermined temperature throughout the
nuclear magnetic resonance measurements, the heat
carrier fluid not disturbing the nuclear magnetic reso-
nance measurements; and

transferring the containment cell into the nuclear mag-
netic resonance device without interrupting the heat
carrier flmd circulation in the tubular sleeve.

6. A device configured for making nuclear magnetic

resonance measurements on samples, comprising:

a nuclear magnetic resonance apparatus including mag-
nets, coils placed 1 an air gap of the magnets, an
excitation signal generator and signal acquirer for gen-
crating the excitation signals creating an oscillating
clectric field and for acquiring a response of a sample
to the excitation signals;

a first tubular sleeve outside the coils and connected to a
circuit 1n which a controlled temperature cooling fluid
circulates;

a removable thermostatically controlled containment cell
for preconditioning at a predetermined temperature a
sample prior to nuclear magnetic resonance measure-
ments 1n the nuclear magnetic resonance apparatus;

a tubular sleeve made of a material, which does not
interfere with nuclear magnetic resonance measure-
ments, ending at opposite ends thereof with terminal
parts between which the sample 1s arranged;

means for circulating in the tubular sleeve a controlled
temperature heat carrier tfluid 1 order to bring the
sample to a predetermined temperature, substantially
constant during measurement, the heat carrier fluid not
disturbing the nuclear magnetic resonance measure-
ments; and

the sleeve being introducible inside the coils without
stopping a circulation of the heat carrier fluid.

7. A device as claimed 1n claim 6, wherein the contain-
ment cell 1s made of a non-magnetic and non electrically
conducting material.

8. A device as claimed 1n claim 6, comprising means for
establishing inside the containment cell an overpressure
suflicient to prevent a tluid saturated sample from boiling.

9. A device as claimed 1n claim 7, comprising means for
establishing inside the containment cell an overpressure
suflicient to prevent a fluid saturated sample from boiling.

10. A device as claimed 1n claim 7, comprising means for
establishing inside the containment cell a heat carrier fluid
circulation.

11. A device as claimed 1n claim 8, comprising means for
establishing inside the containment cell a heat carrier fluid
circulation.

12. A device as claimed 1n claim 9, comprising means for
establishing 1nside the containment cell a heat carrier fluid
circulation.
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